Introduction
============

Infantile hemangiomas (IHs) are the most common benign tumor of infancy[@b1-phmt-8-107]--[@b3-phmt-8-107] with an incidence of approximately 4--5%.[@b2-phmt-8-107],[@b4-phmt-8-107] It is more common in females and Caucasians.[@b4-phmt-8-107],[@b5-phmt-8-107] IHs are also associated with low birth weight and premature infants.[@b5-phmt-8-107]--[@b7-phmt-8-107] Preterm infants have an increased incidence of developing IHs and can be as high as 30% in infants with birth weight \<1000 g.[@b6-phmt-8-107],[@b8-phmt-8-107] Other risk factors associated with IH development include placental abnormalities[@b5-phmt-8-107],[@b9-phmt-8-107]--[@b11-phmt-8-107] and infants whose mother underwent either amniocentesis or chorionic villus sampling.[@b11-phmt-8-107]--[@b13-phmt-8-107] However, none of these factors have been proven to have a causal relationship with IH development.

Preterm infants have been shown to have an increased incidence of IHs that is associated with birth weight.[@b6-phmt-8-107] The incidence of IH is increased with decreasing gestational age with a female and Caucasian predominance.[@b8-phmt-8-107]

IHs have a distinct natural history involving 3 stages. An early proliferative phase is characterized by rapid growth of abnormal blood vessels during the first 6 months of life and extends to the first 10--12 months of life. The hemangioma appears bright red and bosselated ([Figure 1](#f1-phmt-8-107){ref-type="fig"}). This proliferative phase is followed by an involuting phase starting at about 1 year of age and can take years for complete involution.[@b2-phmt-8-107],[@b4-phmt-8-107] An involuted IH may shrink resulting in anetoderma of the involved area. Otherwise, an involuted IH can result in a fibrofatty residuum with contour deformity ([Figure 2](#f2-phmt-8-107){ref-type="fig"}).[@b4-phmt-8-107],[@b14-phmt-8-107]--[@b16-phmt-8-107] Coarse telangiectasia can also be seen on the skin surface.[@b4-phmt-8-107],[@b16-phmt-8-107],[@b17-phmt-8-107] Although IHs are benign and undergo spontaneous regression,[@b18-phmt-8-107] their clinical course during any phase, but in particular during the proliferative phase, can lead to significant morbidity and mortality to patients. Intervention is indicated if the IH is expected to cause morbidities.

Morbidities associated with IHs
===============================

Despite being a "benign" tumor with eventual involution and possible resolution, IHs can develop complications and require medical intervention. One study reports 24% of patients presented with a complication and 38% of patients required treatment.[@b7-phmt-8-107] Different morbidities are associated with proliferative phase versus involuting/involuted phase IH. Therefore, the treatment modalities may be different based on the morbidity that has developed. However, the timing of intervention may or may not correlate with the time that a morbidity has developed. For example, an urgent ulceration or bleeding of a proliferating IH will require intervention at the time of development of the complication. By contrast, a large IH that results in a residual contour deformity can be treated more electively, with less urgency to immediate intervention.

Proliferative phase
-------------------

Morbidities during proliferation include ulceration, bleeding, and obstruction of vital structures. Surgical biopsy may be indicated in the case of a diagnostic dilemma. In particular, preterm infants have an increased risk of ulceration of their IHs.[@b19-phmt-8-107] In fact, preterm birth predisposes infants to ulceration of IHs, with an odds ratio of 2.29.[@b19-phmt-8-107]

Involuting/involuted phase
--------------------------

During the involuting/involuted phase, the major morbidities are disfigurement and contour deformity. If there was ulceration that healed secondarily, there will be disfigurement from the residual scar.

Hepatic hemangiomas (HHs)
-------------------------

A special subset of IHs are visceral IHs, of which HHs are the most common.[@b20-phmt-8-107]--[@b22-phmt-8-107] There are 3 subtypes of HHs: solitary, multifocal, and diffuse. Only the multifocal HHs are similar to IHs. HH lesions in some patients had similarities to both multiple and diffuse HHs, suggesting that there is a link between multifocal and diffuse HH.[@b23-phmt-8-107] The solitary HH is thought to be similar to a congenital hemangioma, whereas a diffuse HH would almost completely replace liver parenchyma, and the infant may develop abdominal compartment syndrome and severe hypothyroidism. Affected infants can develop high out cardiac failure from shunting as well. These can be life-threatening conditions.

Indications for treatment
=========================

Proliferative phase
-------------------

There are few indications for treatment during the proliferative phase. They are divided into the broad categories of 1) prevention of, or limitation of extent, of morbidities, and 2) treatment of morbidities that have already developed.

### Prevention of morbidities

Systemic medical therapies are indicated to prevent the development of morbidities associated with both proliferative and involuting/involuted phase morbidities. Medical therapies are also indicated as a treatment modality even after the development of some morbidities.[@b24-phmt-8-107] If the IH is located in an anatomically sensitive area, such as the face, or if rapid proliferation leading to disfigurement is expected, or if there are concerns for potential functional impairment if the IH growth is left unchecked, then medical therapy is indicated.[@b25-phmt-8-107] The goal of medical therapies is to prevent or limit IH proliferation to decrease the risk of ulceration/bleeding, or the subsequent disfigurement that may result without intervention.

### Common morbidities and diagnostic dilemma

Treatment is indicated for ulceration[@b18-phmt-8-107],[@b24-phmt-8-107],[@b26-phmt-8-107] ([Figure 1](#f1-phmt-8-107){ref-type="fig"}) and bleeding.[@b15-phmt-8-107],[@b27-phmt-8-107] Ulcerated IH may require wound care with or without concurrent medical therapies, and antibiotics may be needed if there is superinfection. Laser therapy may improve healing time and decrease pain.[@b28-phmt-8-107] Refractory ulceration non-responsive to conservative management may require surgical resection and closure. Oozing may occur with an ulcerated IH and will stop after replacement of a dressing. Occasionally, arterial bleeding can occur with or without concurrent ulceration. These are true surgical emergencies, and the source of bleeding -- the IH -- needs to be surgically resected.[@b15-phmt-8-107],[@b27-phmt-8-107]

Less commonly, an IH may present with less typical feature. If the natural history or imaging modalities are not completely consistent with an IH, and there are concerns of a different lesion in the differential diagnosis, excisional or incisional biopsy may be indicated. Differential diagnoses include a wide range of benign and malignant lesions, including glioma (glabella IH), other vascular tumors such as tufted angiomas, hemangiopericytoma, and kaposiform hemangioendothelioma (KHE), vascular malformations such as venous and lymphatic malformations, to malignant lesions including infantile fibrosarcoma, rhabdomyosarcoma, and neuroblastoma.[@b25-phmt-8-107]

### Special considerations: airway and subglottic IHs

Subglottic IHs may obstruct the airway. Infants do not usually present until the IH has proliferated large enough to produce biphasic stridor.[@b29-phmt-8-107],[@b30-phmt-8-107] If an infant presents with a beard distribution IH, there is a high risk (\>60%) for a concurrent subglottic IH.[@b31-phmt-8-107],[@b32-phmt-8-107] Patients with beard distribution IH should be investigated by fiberoptic bronchoscopy. The patient may require multimodality treatments including medical, laser, and surgical therapies.

### Special considerations: periorbital IHs

Periorbital IHs may obstruct the visual axis.[@b33-phmt-8-107],[@b34-phmt-8-107] If left untreated, astigmatism can occur as a result of deformation of the cornea from pressure exerted by an upper eyelid IH. Deprivation amblyopia can occur from a large periorbital IH obstructing input to the retina at a critical period of development of the visual axis. If the IH is untreated, permanent blindness in the affected eye will result. Medical and/or surgical treatment is indicated. Every infant who develops a periorbital IH should be referred to a pediatric ophthalmologist for evaluation and management as well.

### Special considerations: PHACE syndrome

PHACE syndrome was first described in 2005 and consists of a Posterior fossa brain malformations, large segmental facial Hemangioma, Arterial anomalies, Cardiac anomalies, and Eye anomalies.[@b2-phmt-8-107],[@b35-phmt-8-107],[@b36-phmt-8-107] The central nervous system (CNS) abnormality has since been defined to include other structure brain anomalies not limited to the posterior fossa.[@b36-phmt-8-107] Arterial anomalies include atresia or absence of the ipsilateral cerebral circulatory system. These patients are at risk for ischemic infarcts.[@b35-phmt-8-107],[@b37-phmt-8-107]--[@b39-phmt-8-107] PHACE syndrome is diagnosed when 2 or more major criteria are met.[@b40-phmt-8-107] When a patient presents with a large segmental facial IH, there is \~20% risk of PHACE syndrome.[@b41-phmt-8-107] Interventions unrelated to the hemangiomas may be indicated for these patients. For example, cardiac surgery may be indicated if there is coarctation of the aorta[@b42-phmt-8-107] or a encephaloduroarteriosynangiosis, where the superficial temporal artery is grafted directly onto the pia mater of the CNS, which may be indicated to provide adequate perfusion to the brain.[@b38-phmt-8-107],[@b43-phmt-8-107]

### Special considerations: HH

There are 3 subtypes of HH: solitary, multifocal, and diffuse. The solitary HH is thought to be a rapidly involuting congenital hemangioma and will resolve without intervention and is often an incidental finding. The multifocal HH has glucose transporter 1 (GLUT1) positivity and is thought to be similar to IHs. Multifocal HHs do not always have physiological symptoms but are thought to respond to propranolol or corticosteroids. Diffuse HH can be life-threatening. Liver parenchyma is almost completely replaced by HH, resulting in hepatomegaly, compression of the vena cava, abdominal compartment syndrome, high output cardiac failure from shunting, and severe, life-threatening hypothyroidism from the production of type 3 iodothyronine deiodinase by the HH.[@b20-phmt-8-107]--[@b22-phmt-8-107]

Involuting/involuted phase
--------------------------

During the involuting/involuted phase, the indication for treatment is to treat residual stigmata. Laser and surgical treatments are the main modalities. If there is coarse telangiectasia, laser therapy is indicated.[@b44-phmt-8-107],[@b45-phmt-8-107] If the elasticity of the skin is destroyed, anetoderma results.[@b16-phmt-8-107] This can be treated with surgical resection if it is clinically obvious. If there is gross disfigurement resulting from rapid proliferation resulting in contour deformity, then surgical resection and debulking are the only treatment options. All surgical treatment options will result in scars. Therefore, the objective is to produce a scar that is more esthetically pleasing than the deformity.

Treatment modalities: during the proliferative phase
====================================================

Laser
-----

Laser treatment has been shown to be efficacious in correcting discoloration.[@b44-phmt-8-107],[@b45-phmt-8-107] A hypothesis has developed that laser treatment in the early proliferative phase, before the bulk develops and IH thickens, may contain and disrupt IH proliferation. Unfortunately, a randomized controlled trial demonstrated that early laser treatment was unable to prevent IH proliferation, although it did treat children who had more skin atrophy and hypopigmentation.[@b46-phmt-8-107] Therefore, there are no indications for laser treatment for discoloration during the proliferative phase, and early treatment may have less desirable esthetic appearances of the skin.

However, there is a role for laser treatment to improve ulceration.[@b47-phmt-8-107],[@b48-phmt-8-107] A dual wavelength pulsed dye laser (PDL) can be used. Laser treatment resulted in more rapid healing of the ulcer and decreased pain.[@b28-phmt-8-107]

Another role for laser therapy during proliferation is for the treatment of airway hemangiomas. If a large subglottic IH obstructs the airway, and medical treatment alone is not sufficient, resection using laser is the treatment of choice. Unlike laser treatments for the superficial aspects of IH, laser treatment of airway IHs use ablative lasers such as CO~2~.[@b49-phmt-8-107],[@b50-phmt-8-107] Other ablative lasers have also been used, such as the potassium titanyl phosphate (KTP) laser[@b51-phmt-8-107] and the Nd:Yag laser.[@b52-phmt-8-107] However, it is important to note that an obstructing subglottic hemangioma is potentially life-threatening, and it is common to treat with multiple modalities, including medical therapy, and laser ablation.

Medical therapy
---------------

The most common treatment modality during the proliferative phase is medical treatment. Medical intervention is indicated when an IH is in an anatomically critical area, and rapid proliferation can cause destruction and/or obstruction and ulceration.[@b53-phmt-8-107] The goal is to limit or disrupt the IH proliferative process, to either minimize or prevent development of morbidities altogether. Effective medical treatment during proliferation could minimize or prevent the future need for surgical debulking and recontouring (subsequently). If an IH is not expected to proliferate to the extent to cause significant disfigurement, or if an IH is small, or in an anatomically noncritical area (trunk, arm, and leg), and expected to have no lasting sequelae after involution, it is acceptable to monitor conservatively with no intervention.[@b25-phmt-8-107]

Propranolol
-----------

Propranolol is now considered the first-line medical treatment. Hemangeol®, a liquid formulation of propranolol, obtained FDA approval for the treatment of IH in March 2014. This was the first time that a medication was approved for the treatment of any type of infantile vascular tumor.

Propranolol efficacy was first discovered when 2 infants with large IHs had signs of cardiac failure. Propranolol was initiated for their cardiac indications, but the IHs regressed rapidly.[@b54-phmt-8-107] A subsequent follow-up study confirmed a response rate of 100% in 32 patients.[@b55-phmt-8-107] Since the first reports, there have been multiple small series and case reports of propranolol efficacy.[@b56-phmt-8-107]--[@b59-phmt-8-107] A meta-analysis demonstrated that propranolol was more effective than laser, steroids, and vincristine.[@b60-phmt-8-107]

The first randomized controlled trial for propranolol demonstrated propranolol efficacy in the discoloration and volume as early as 4 weeks after treatment initiation. However, the authors reported rebound growth if treatment was stopped before the patient turned 1 year of age.[@b61-phmt-8-107] Infants with PHACE syndrome were excluded. Subsequent large-scale studies, including a meta-analysis of 1264 patients, demonstrated a response rate of 82--100%, rebound growth in 17% of patients, and adverse event incidence of 31%, although the majority were minor, including sleep disturbances and acrocyanosis. Serious adverse events were noted in \<1% of patients (10/1264) and included bradycardia, hypoglycemia, and hypotension.[@b62-phmt-8-107]

Established guidelines on the initiation and management of infants on propranolol have been established.[@b53-phmt-8-107] These included cardiology evaluation (if available) and baseline EKG prior to dose initiation. Heart rate and blood pressure are monitored after every dose escalation. Frequent feeding has been recommended to prevent hypoglycemia. The goal dose is usually 2 mg/kg/day in divided doses (twice a day \[BID\] or thrice a day \[TID\]).[@b53-phmt-8-107] While some have questioned the lack of evidence in the safety of using propranolol in preterm infants,[@b8-phmt-8-107] others have demonstrated that preterm infants can have a good response to and statistically significant response to propranolol versus to term infants.[@b63-phmt-8-107] Additional investigation is needed to definitively establish a treatment regimen for IH in preterm infants.

PHACE syndrome is not a contraindication to propranolol treatment. PHACE patients were further subdivided into "standard risk" and "high risk" groups, with "standard risk" patients in the same risk stratification as non-PHACE patients.[@b53-phmt-8-107] Thirty-two patients with PHACE syndrome -- some considered high risk -- were treated with propranolol, and only 1 patient was reported to have a reversible neurological sequelae -- mild hemiparesis that improved during propranolol treatment. Nevertheless, extreme caution should be exercised when treating a PHACE patient with propranolol.[@b64-phmt-8-107]

There have been anecdotal reports of using other types of beta-adrenergic receptor blocker for treatment,[@b65-phmt-8-107],[@b66-phmt-8-107] but their superiority to propranolol has not been demonstrated. Topical timolol has gained popularity as a low-risk alternative to treat smaller IHs.[@b67-phmt-8-107] However, it does not penetrate deeper, bulkier IHs.

Corticosteroids
---------------

Prior to the discovery of propranolol, corticosteroids were the first-line medical therapy for problematic IHs. Systemic corticosteroid therapy has traditionally been one of the mainstays of treatment in IH. This novel treatment was discovered after systemic steroid therapy was started for the treatment of thrombocytopenia in a child with a hemangioma to prevent further hemorrhagic episodes. The hemangiomas were noticed to become visibly smaller.[@b68-phmt-8-107]

A study by Pope et al[@b69-phmt-8-107] evaluated the effectiveness of oral versus high-dose pulsed corticosteroids in the treatment of problematic facial IH. In this study, 20 patients were divided into 2 treatment groups, with the oral group receiving prednisolone 2 mg/kg/day in 2 divided doses for 3 months followed by a taper schedule over 6--9 months to prevent rebound. The high-dose pulsed group received pulses of intravenous (IV) corticosteroids monthly for 3 months. The pulse consisted of methylprednisolone 30 mg/kg per day for 3 days. The patients were evaluated at 3 months and 1 year. At the 3-month mark, the patients treated with oral therapy had an improvement in the visual appearance (using a visual analog scale) of the IH versus the IV therapy (*P* = 0.002) as well as the 1-year mark with a greater improvement in the visual appearance of the oral treatment groups versus IV therapy (*P* = 0.005). Interestingly in the study, they evaluated 4 angiogenesis markers, plasma bFGF, VEGF, VCAM-1, and endoglin, and urinary bFGF prior to treatment and every month for the first 3 months in a subset of both study groups. VCAM-1 (*P* \< 0.001) and endoglin (*P* = 0.03) decreased significantly overtime while the others did not change over the study.[@b69-phmt-8-107]

A recent study by Greene et al treated 25 patients with problematic IH that involved the head and neck with 3.0 mg/kg/day of oral prednisolone for 1 month followed by a 0.5 mL taper every 2--4 weeks until discontinuation when the patient reached 10 months of age. All IHs responded to treatment and 88% showed regression and 12% stabilized in growth.[@b14-phmt-8-107] The Greene et al study showed a rebound growth rate of 8% that was managed successfully by increasing the dosage of prednisolone by 0.5 mL for 1 month before weaning off steroids again.

The long-term side effects of corticosteroid therapy are well established.[@b70-phmt-8-107],[@b71-phmt-8-107] Some of which are gastric ulcers, osteoporosis, increased risk of heart disease, increased risk of infections, easy bruiseability, wound complications, glucose intolerance, and hypertension. A study by Boon et al[@b72-phmt-8-107] identified 80 infants treated with steroids for IHs. Seventy-one percentage of infants developed Cushingoid facies, 42% had a decrease in growth in their weight curve, 35% fell below their growth curve for height, 29% of parents reported irritability, 21% had gastric irritation, and 6% developed oral and/or perineal yeast infection that necessitated antifungal therapy. However, these effects were reversed after cessation of corticosteroid treatment.[@b72-phmt-8-107] This study highlights some of the potentially serious short-term complications associated with systemic corticosteroid therapy. The authors concluded that oral steroid therapy at a dose of 2--3 mg/kg/day for 1 month and then tapered seem to be safe for the treatment of problematic hemangiomas.

More recently, a randomized clinical trial directly comparing corticosteroids to propranolol demonstrated similar efficacy for corticosteroids and propranolol. The frequency of adverse events (AEs) was also comparable, although the corticosteroid group had more severe AEs. Rate of rebound growth was also comparable. The authors concluded that both medications had similar response rate but corticosteroids resulted in a faster response time, while propranolol was better tolerated.[@b73-phmt-8-107]

In conclusion, these studies demonstrate that corticosteroids may still have a role in medical management. Propranolol has received FDA approval and should be used as a first-line treatment; if propranolol is contraindicated, corticosteroids should be considered.

Interferon
----------

Interferon is included in this discussion as a historical interest. The exact mechanism for corticosteroid and propranolol efficacy is not completely understood; both were discovered serendipitously. However, as IHs are vascular tumors and thought to have proliferation of abnormal vasculature, interferon was proposed to be used as an antiangiogenic agent. Early success in the treatment of a patient with pulmonary hemangiomatosis with interferon encouraged the use of this medication.[@b74-phmt-8-107],[@b75-phmt-8-107] In a 1991 study by Ezekowitz et al,[@b76-phmt-8-107] 13 patients with either life-threatening coagulopathy or sight-threatening hemangiomas were treated with interferon alpha after failing steroid therapy. Regression was achieved in 11 of the 13 patients and 3 out of 4 for steroid resistant coagulopathy with little or no toxicity observed at a dose of 2 million units/m^2^.[@b76-phmt-8-107] Interferon alpha therapy was thought to be an improvement over steroids for the treatment of life-threatening hemangiomas.

However, this early enthusiasm was tempered by adverse effects of interferon. Effects of systemic interferon therapy are commonly associated with fever, leukopenia, elevation of serum transaminase levels, as well as some CNS toxicity usually manifested by drowsiness or confusion.[@b77-phmt-8-107] However, the most serious side effect of interferon was irreversible spastic diplegia, a form of hypertonicity and spasticity predominately in the lower extremities.[@b78-phmt-8-107] The risk of developing spastic diplegia was 19%, and 3/5 patients developed irreversible spastic diplegia. Due to this severe adverse effect, interferon is not used to treat IHs.

Vincristine
-----------

Vincristine has been used to treat HHs when corticosteroids have failed.[@b4-phmt-8-107],[@b56-phmt-8-107],[@b79-phmt-8-107] However, since propranolol has demonstrated efficacy in hepatic IHs as well,[@b80-phmt-8-107] vincristine has become a second-line therapy for hepatic IHs.

Surgical therapy
----------------

Unlike during the involuting/involuted phase, there are very few indications for surgical intervention during proliferation. One indication is for confirmation of diagnosis. There are other mimickers of IH, and some of them are malignant lesions.[@b25-phmt-8-107],[@b81-phmt-8-107] Therefore, if the clinical history, physical examination, and/or imaging studies are not consistent with IH, and there are concerns that the lesion is not an IH, incision or excisional biopsy is indicated to ascertain the diagnosis. IHs have GLUT1+ vessels, and positive GLUT1 staining is diagnostic of IH ([Figure 3](#f3-phmt-8-107){ref-type="fig"}).[@b82-phmt-8-107]

A rapidly proliferating IH can erode the overlying epidermis and cause arterial bleed. This is one of the few absolute indications for surgical resection.[@b15-phmt-8-107],[@b27-phmt-8-107] A relative indication for surgical resection during proliferation is ulceration refractory to conservative treatment. An ulceration will ultimately result in a large scar. Until reepithelialization (healing of the ulcer) occurs, the area is tender and at risk for superinfection. If possible, the IH can be resected en bloc. However, if the IH is too large for resection and closure, a partial debulking can be performed, and the rest of the IH can be sutured to each other. The remaining IH can heal and be treated as any non-ulcerated IH.

IHs are comprised of a growth of abnormal vasculature; this is surrounded by an avascular fibrous layer. There are multiple feeding vessels that supply the IH, commonly from the deep surface. Therefore, the surgical approach for cutaneous IHs should be to make the skin incision and separate the IH tissues from the surrounding normal tissues at this avascular fibrous plane. This dissection can even be performed with sharp iris scissors. Feeding vessels should be carefully isolated, cauterized, and divided ([Figure 4](#f4-phmt-8-107){ref-type="fig"}).[@b83-phmt-8-107]

Supportive and other adjuvant therapy
-------------------------------------

As mentioned earlier, other supportive and adjuvant therapies may be indicated. If an airway IH is refractory to interventions, or an airway cannot be securely established, a tracheostomy may be indicated in the most severe cases. In periorbital IHs, an ophthalmologist may prescribe patching or other treatments to correct visual defects. In the case of PHACE syndrome, depending on the associated anomalies, the patient may need consultations and management by cardiology and neurology.[@b38-phmt-8-107],[@b42-phmt-8-107] A similar syndrome, PELVIS syndrome, involves hemangiomas in the sacral/perineal area associated with underlying anomalies in the genitourinary systems.[@b84-phmt-8-107] These patients may need consultations with and management by urologists.

Diffuse HH can be life-threatening. Patients can develop high output cardiac failure from shunting.[@b21-phmt-8-107],[@b22-phmt-8-107] In diffuse hepatic IHs, patients may also develop severe and life-threatening hypothyroidism, due to production of type 3 iodothyronine deiodinase in the IH.[@b20-phmt-8-107],[@b21-phmt-8-107] Management and replacement of thyroid hormones are essential. In severe cases, liver transplantation may be life-saving.[@b21-phmt-8-107],[@b22-phmt-8-107]

Treatment modalities: during the involuting/involuted phase
===========================================================

The major morbidities associated with involuting/involuted IH are contour irregularities and disfigurements from a large IH. If there are contour deformities, the only treatment option is surgical debulking and recontouring of affected areas. There is a small role for laser therapy.

Laser
-----

Laser therapy may be indicated to correct persistent coarse telangiectasia *without contour irregularities* after IH involution. Laser therapy in IH works by inducing injury to the vasculature.[@b85-phmt-8-107] Lasers only penetrate into the dermis and thus will not have an effect on contour deformity. The main type of laser for color correction is the PDL.[@b17-phmt-8-107],[@b28-phmt-8-107],[@b44-phmt-8-107] It is the first laser specially designed to treat vascular lesions without producing a scar.[@b71-phmt-8-107] The PDL is characterized by selective destruction of blood vessels by matching the wavelength of light absorbed by hemoglobin.[@b71-phmt-8-107] The average depth of penetration of PDL is 0.8 mm[@b86-phmt-8-107] and thus will not affect deeper components of IHs, such as the bulk. The PDL has become the laser of choice for superficial hemangiomas because treatment is relatively simple and complications are rare.[@b44-phmt-8-107],[@b87-phmt-8-107]

The persistent discoloration from an involuting/involuted IH is usually resected during recontouring procedures. However, on occasion, if surgical debulking is used only to address the abnormal contour, some residual discoloration may remain. The treatment options are to enlarge the area of resection to include all discolored skin (thus leaving a larger permanent scar for the patient) or to resect the minimal area with contour deformity and leave discolored but normal contour IH residuum for laser therapy. This combination approach is preferred by the authors to minimize permanent scarring.

Medical therapy
---------------

While propranolol treatment has demonstrated efficacy in treating involuting IHs, there are limited indications to treat IHs beyond the proliferative phase, as the potential benefits to accelerate involution must be weighed against the potential morbidities and inconvenience of using propranolol.[@b88-phmt-8-107]

Surgical therapy
----------------

Surgical therapy is the main treatment modality for involuting/involuted IH disfigurement. The goal of the treatment is to remove inelastic, abnormal skin (anetoderma), heal ulceration scar, and to recontour the affected area. It is important to note that the fibrofatty residuum may have already replaced some of the normal subcutaneous tissues. Therefore, complete removal of the IH fibrofatty residuum may not be desirable, as it will leave an atrophic defect.

Another goal is to minimize the size of the scar. In the forehead and cheek, a purse-string closure may be preferable.[@b89-phmt-8-107],[@b90-phmt-8-107] The abnormal skin is excised at the base resulting in a circular type of defect. The textbook teaching will require that a 3:1 length-to-width lenticular scar be created to close without skin puckering.[@b89-phmt-8-107] This will result in a \>3× lengthening of the scar. Furthermore, the tension will be bidirection. It may distort surrounding features, such as eyebrows, commissure, or palpebral fissure. A purse-string closure on the other hand will not require further lengthening of the scar. The purse-string will actually contract and minimize the scar. The circumferential and equal distribution of tension will also minimize distortion of surrounding structures. The major drawback is that it will result in a widened, albeit smaller circular or ovoid scar. This can be secondarily revised. The purse-string closure method will result in the smallest possible scar.[@b89-phmt-8-107],[@b90-phmt-8-107] It should be avoided in high tension, or otherwise easily closed areas, such as the neck and the scalp. The parents should be counseled that there will be a scar from debulking. However, the resulting scar will be less obvious and more esthetically pleasing than IH deformity. If the IH deformity is so subtle that a scar is not expected to be less conspicuous than the deformity, then surgical intervention is not indicated at all.

A retrospective study on surgical treatment of IH has found that a disproportionate amount of IH requiring surgical debulking occurs on the head and neck, even higher than the normal head and neck distribution of IH occurrence.[@b15-phmt-8-107] Furthermore, the average size of the deformity is smaller in the head and neck IH, compared to those below the neck, further supporting that head and neck IHs cause disproportionately more disfigurement that require intervention.

Special consideration: lip
--------------------------

IHs on the lip may distort the lip in multiple dimensions: the transverse, cephalad--caudad, as well as the anterior--posterior axes. Therefore, it is not expected that 1 operation will easily and completely restore the normal contour, and a staged approach may be required.[@b91-phmt-8-107] The goal will be to decrease or normalize 1 or 2 dimensions at each stage. If the IH does not cross the vermilion--cutaneous border, a staged approach can allow debulking and recontouring without extending a scar onto the face. If the vermilion--cutaneous border is crossed, every effort should be made to minimize the scar on the skin if possible,[@b91-phmt-8-107] and if it is not possible to limit the skin resection only to the abnormal skin from IH disfigurement.

A 1-stage approach can also be used, but this will require extending the scar into the skin.[@b92-phmt-8-107] As scars are permanent every effort should be made to minimize obvious scarring if possible.

Special considerations: nose
----------------------------

### Nasal dorsum

If the nasal skin is stretched and abnormal, they will need to be resected as well and there will be an unavoidable scar. If possible, the incision should be designed to align with the borders of the nasal subunits to make it less conspicuous.

### Nasal tip

If the nasal tip distortion is minimal, a closed or an open rhinoplasty approach can be used. The extra fibrofatty residuum is removed. It is imperative to reposition the lower lateral cartilages, as they could be splayed from the IH. Care also should be taken to leave some fibrofatty residuum in place, as the nasal tip normally has some fibrofatty tissues. If all the soft tissues have been aggressively removed, it will result in an abnormal nasal tip with a "pinched" appearance. If the nasal tip skin is stretched and grossly disfigured, then an open rhinoplasty approach with skin resection must be used.[@b93-phmt-8-107]--[@b95-phmt-8-107] Repositioning of the lower lateral cartilages with an interdomal suture is still necessary. IHs of the alar and other area may need resection and recontouring, and care must be taken to place these incisions along the subunit borders, if possible, as is the case for the nasal dorsum.

Conclusion
==========

Treatment of IHs incorporates a wide range of modalities, from conservative monitoring and reassurance of the parents to urgent surgical intervention for severe morbidities and complications. It is imperative to understand the different growth phases of IHs and what morbidities can be expected at each phase, so that the appropriate treatments may be given at the optimal time.

All patients gave consent for their images to be published in this review article; guardian consent was obtained for patients under the age of 18 years.
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![(**A**) A proliferating IH on the cheek of an infant. Note the ulceration in the center of the IH. (**B**) A proliferating IH is highly cellular with poorly defined vascular spaces (black arrowheads).\
**Note:** Magnification of image B, 40×; scale bar =50 µm.\
**Abbreviation:** IH, infantile hemangioma.](phmt-8-107Fig1){#f1-phmt-8-107}

![(**A**) An involuting IH on the arm of a toddler. Note the graying red color when compared to the proliferating IH. (**B**) Histology: involuting IHs have fewer cells and organized vascular tubular structures (black arrowheads).\
**Note:** Magnification of image B, 40×; scale bar =50 µm.\
**Abbreviation:** IH, infantile hemangioma.](phmt-8-107Fig2){#f2-phmt-8-107}

![Both proliferating (**A**) and involuting (**B**) IH endothelial cells express GLUT1 (green).\
**Notes:** Magnification, 40×; scale bars =50 µm. Right column indicates close-up views.\
**Abbreviations:** IH, infantile hemangioma; GLUT1, glucose transporter 1.](phmt-8-107Fig3){#f3-phmt-8-107}

![(**A**) Intraoperative photo demonstrating that IH can be easily separated from the surrounding soft tissue. Note facial monitoring devices in place. These can be used to assist during facial dissection. Course telangiectasia can be seen as well (arrowheads). (**B**) Feeding vessels to the IH need to be identified (black arrowhead) and isolated before dividing to minimize blood loss.\
**Abbreviation:** IH, infantile hemangioma.](phmt-8-107Fig4){#f4-phmt-8-107}
